I. INTRODUCTION
In recent years there has been a growing number of experimental and theoretical studies on the development of, and applications for, neutral atom traps [? ? ? ? ? ? ] . A new and poorly studied approach to the development of miniature atom traps stems from the optical near-fields formed by laser diffraction on small apertures in thin screens. Such an approach could lead to the fabrication of an array of atom microtraps and, accordingly, the production of a large number of trapped atomic microensembles from a single initial atomic cloud or beam. Earlier work [? ] has shown that an array of atom dipole traps can be produced by focusing a laser beam on an array of spherical microlenses. The work presented here relies on a more recent proposal [? ] , whereby microlenses, formed in thin screens, can be used to focus atomic beams. We show that such a system can be modified to produce a microtrap array, using a moderate incident laser intensity of about 10 W/cm 2 . Similar to other approaches employing laser fields, the operation of neutral atom, nearfield microtraps relies on dipole potentials and their corresponding dipole gradient forces.
However, in other approaches the gradient force arises from the non-uniform field distribution over the laser beam cross-section or over the wavelength of the laser light, whereas for near-field microtraps the gradient force stems from the optical field non-uniformity over the aperture diameter. Consequently, atom microtraps can store atomic microclouds with characteristic dimensions equivalent to or less than the field wavelength. Such microclouds could be used for site-selective manipulation of atoms in the field of quantum information technologies [? ? ? ] .
In this paper, we propose and present a quantitative analysis of near-field Fresnel atom microtraps with a characteristic aperture size about or exceeding the optical wavelength.
Such traps rely on the near-field diffraction pattern, characterized by a Fresnel number,
We analyze the field distribution in the vicinity of a small, circular aperture in a thin screen, and calculate the dipole potential of the atom in the diffracted near-field. Our analysis of the Fresnel microtraps shows that, at a moderate intensity of the light field of about 10 W/cm 2 , the traps are able to store atoms with a kinetic energy of about 100 µK during time intervals of around one second. 
II. TRAPPING POTENTIAL
An array of Fresnel atom microtraps is schematically shown in Fig. 1 . The traps can be analyzed by considering the diffraction of a travelling light wave of arbitrary polarization on a circular aperture
where e is a unit polarization vector, E 0 is the amplitude and k = ω/c is the wave vector.
When the size of the aperture exceeds or is equivalent to the wavelength of the optical field, the electric field behind the aperture can be represented in the scalar approximation as
3 where E = E(r) is the complex field amplitude. The diffracted field can be evaluated by
where the distance between the point (x, y, z) in the observation plane and the point (x , y , 0) in the aperture plane is r = [z
1/2 , and the integral (??) is considered to be taken over the aperture region.
The evaluation of the Rayleigh-Sommerfeld integral can be simplified by taking into account the axial symmetry of the diffracted field. By introducing cylindrical coordinates ρ , φ in the aperture plane and cylindrical coordinates ρ, φ in the observation plane one can rewrite the diffracted electric field as
where now r = z
and a is the aperture radius.
For a red-detuned light field, the potential of a single microtrap is defined by the value of the light shift according to the usual equation [? ] ,
where Ω = dE/2 is the Rabi frequency, d is the dipole matrix element, and δ = ω −ω 0 is the detuning of the light field with respect to the atomic transition frequency, ω 0 . Accordingly, for the diffracted field represented by Eqs. (??)-(??), the potential of an atom in a single microtrap can be written as
where
is a characteristic value of the potential and γ is half the spontaneous decay rate. In what follows, we consider the case when the radius of the aperture, a, only slightly exceeds the optical wavelength, λ. In this case the Fresnel number, N F , is expected to be approximately equal to one, i.e. where z m is a characteristic vertical distance from the aperture to the maximum of the electric field intensity. Accordingly, the electric field intensity is expected to have a single diffraction maximum, and the atom potential will also have a single minimum. An example of the single-minimum atom potential is shown in Fig. ? ? for different values of the vertical coordinate, z.
Alongside the integral representation of the diffracted field, and the corresponding potential of the atom, one can also find an analytical representation of the atom potential near the symmetry axis of the microtrap. This can be done by decomposing the integrand in Eq. 
where R a = √ a 2 + z 2 . The potential represented in (??), when considered as a function of the vertical coordinate, z, has a minimum at z = z m , defined by the transcendental equation
The dependence of the potential U = U (ρ, z) on the coordinates z and ρ is shown in Fig.   ? ? for the same aperture size as used in Fig. ? ?. The near-axis potential represented by Fig.   ? ? has a minimum at z m = 1.47a = 2.2λ. In accordance with our expectations, the Fresnel number, N F 1 at this value of z m , and the atom potential has a well defined minimum near the z-axis.
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III. PARAMETERS OF NEAR-FIELD MICROTRAPS
We evaluate parameters of the Fresnel atom microtraps for (i) We choose the radius of the microtraps to be a = 1.5λ, with a = 1.2 µm for 
can be evaluated by representing the potential (9) near the minimum as a harmonic potential,
where M is the atom mass. This procedure shows that at chosen parameters of the mi- 
For the above chosen parameters, a trap lifetime of about 1 s can be achieved, as given in Table I . The lifetime can be increased by increasing the input laser power, which, in turn, increases the trap depth.
IV. CONCLUSION
We have proposed a system of neutral atom microtraps based on a series of circular apertures in a thin screen. Laser light incident on the screen produces an array of potential minima for atoms in the near-field. Our analysis shows that these near-field atom microtraps can store cold atoms for times up to seconds. The potential well depth of the microtraps is . An important point to note is that each individual microtrap uses only about 0.5 µW in the above considered case, where the aperture radius a = 1.5λ.
We also note that, in the present consideration, we have limited our analysis to the case of apertures that are well separated in the screen. ]. An alternative loading scheme using optical tweezers may be feasible [? ] , due to the dimensions being considered within the proposed trap geometry.
